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soist be iapleiaented. when using radioactive markers or 
labels tp, reduc^f^ the exposure to a^adioactivity . - 
Typically r workers must wear a device to continually 
monitor radioactive exposure* . ,In addition, pregnant 
5 females should, take additional precautions, to prevent 
. th^ .^ocpun;ence of genetip mu^ation^.in the unborn* 
. , The conventional radioactive^ detection scheme has 
sensijtiyity li&i1:^t4ons . In ,J)o1*, tI»e, tei^oral .^d ; spatial 
. deMi?^4jns. J The, use of radioac^ivjf l^feelling currently has 
.., .10 a SEiatial re^olu-^ion of o|^e millimei^er' . Additional 

hardKare and ■ software, are required ^to reduce the spatial 
resolution below one,- millin^ter a..,. 

, The sensitivity of detection . utilizing 
autQ^adiograpl^iic^ film is directly ^elated to the amount 
15 of time during which the iradioactiye^labelled^ragment 
. are .emosed. to . the f ilm. c Thus,, the exposure time of the 
film may range ^.fjrom hours ,to days, depending upon, the 
level ofr radioactivity within each detection test site- 
A /3 scanner may drastically reduce the time required for 
20 film e^osure during radiography • However, the use of 
the scann^ significantly increases the ea^ense 
_ , associateji .with this type of detection, and has 
intrinsically poor spatial resolution, 

.J Optical ..detection of fluorescent^ .labelled receptors 
25 has - also been utilized to - detect moleqular binding • 

Briefly, J for DHA;§e^ence analysis applications, a base- 
specific fluorescent -dxe i^ atte to the 
oligonucleotide ^^rimers .of to tl^ chain terminating 
dideoxynucleotides used in cpnjtmctipn with DNA 
30 polymerase. The appropriate absoii>tion4/aye for 
each dye is chosen and used^tp excite the dye. . .If the 
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OPTICAL AND ELECTRICAL METHODS AND APPARATUS 

Description 

Background of th& Invention 
5 In many applications, it is desirable to detect the 

presence of one or more molecular stznictures in a sample. 
The molecular structures typically comprise ligands, such 
as, cells, antibodies and antl«-antibodles. Llgands are 
molecules which are recognized by a particular receptor • 

10 Llgands may include, without limitation, agonists and 
antagonists for cell membrane receptors, toxins, venoms, 
ollgo-saccharldes, proteins, bacteria, and monoclonal 
antibodies. For example, a DNA or RNA sequence analysis 
Is very useful in genetic and disease diagnosis, 

15 toxicology testing, genetic research, agriculture and 
pharmaceutical development. Likewise, cell and antibody 
detection is Important in disease diagnosis. 

A number of techniques have been developed for 
molecular structure detection. In DNA and RNA sequence 

20 detection, two procedures are generally used, 

autoradiography and optical detection. Autoradiography is 
performed using ^^P or ^S. For DNA sequence analysis 
applications; -nucleic acid fragments are' end labeled with 
^P. These dnd labeled fragments are separated by size, 
. 25 then exposed to x-rray film for a specflf led amount of time. 
The amount of film exposure is directly related to ^e 
amount of radioactivity adjacent to a region of film. 

The use of any radioactive ' label is associated with 
several disadvantages. First, prolonged exposure to 

30 radioactive elements Increases the risk of acquiring 

genetic diseases, such as cancer. As such, precautions 
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absorption spectra of the dy4s are 'close td each other, 
a specific wavelength can be chosen to excite the entire 
set of dyes. 

A particular optical detection technique involves 
5 the use of a dye, for example, ethidium bromide, which 
stains duplexed nucleic acids. The fluorescence of 
these dyes exhibits an approximate 20-*fold increase when 
it is bound to duplexed DNA or KNA, when compared to the 
fluorescence exhibited by unbound dye, or dye laound to 

10 single-stranded DNA. This type of dye is used to detect 
the presence of hybridized DNA (or ENA) during a 
hybridization experiment. Although thei use of ' 
conventional optical detection methods increases the 
throughput of the sequencing experiments, the 

15 disadvantages are serious. ' 

Therefore, a need has arisen in the industry for a 
safe, low-cost, fast and accurate mi^thod and apparatus 
for detecting molecular structures at reduced' 
complexity. 

20 SUMMARY OF THE INVENTION ' 

In accordance with the present invention, a method 
and apparatus for detecting tlie presence of molecular 
structures in predetermined test sites is provided which 
substantially eliminates or prevents the disadvantages 

25 and problems associated with prior devices. 

In an electrical embodiment of the present ^ 
invention, a substance having a molecular structure is 
applied to a plurality of test sites, each test site 
having a probe formed therein xiapable of binding to a 

30^ known molecular structure. Electrical signals are 
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applied to the test sites, and electrical prot>erties of 
the test sites are dietected to determine whether the 
probe has bonded (hybridized) to^ or vith, an associated 



5 The test sites are monolithic structtires formed on, 

or in, semiconductor chips or wafers using xery large 
scale integrated (VSLI) circuit methods* This results 
in a low-cost, small-size, testing device which may be 
ihesqpensive enoucpi to be disposable after use* 

10 Hybridized molecules can be detected, in accordance 

with one eadbodimient oif the invention, by sensing the 
change in dissipation of a. capacitor formed at the test 
site, or by sensing the change in AC bbhductance of a 
test site when hybridized molecules are present. 

15 Alternatively r by forming a transmission line between 
two electrodes at each test site, the presence of 
hybridized molecules can be detected by measuring the RF 
loss associated with the formation of hybridized 
mbiecules at the test site. 

20 In another embodiiiient, micro-machined resonators 

are formed in each test site and the change in resonant 
frequency, or the change in the quality Factor (Q) of 
the resonator, caused by formation of hybridized 
molecules may be measiired to determine which sites 

25 contain hybridized molecules. 

In an alternate optical embodiment of the 
invention, a charge-coupled-device (CC3)) array is 
provided, with each electrode of the CCD array aligned 
with a respective adjacent t:est site* Light 

30 attenuation, caused by greater absorption of 

illvaainating light in test sites with hybridized 
molecules is used to determine the sites with the 
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hybridized molecules. The CCD array can be integrated 
with a corresponding test site array. Alternatively the 
test site eurray may, be a separate disposable plate. 

The probes within each test: site are all identical, 
5 but differ from test site to test site. The probes for 
DKA or BNA sequence testing are generally formed of 
oligonucleotide strands. In accordance with another 
embodiment of the invention, an optical direct 
patterning system, is used to perform localized 
10 sensitization of the.microarray or localized synthesis 
of oligonucleotide strands at each test site tq 
customize or differentiate eaqh of the probe strands . 

A furth^ untderstanding of the nature ^nd. 
advipintages . of. the invention Jiere in may be ^realized with 
15 respect to the detailed description which follows, and 
. the drawings described below, , . 



Brief Deserip-bion of the Drawings ^. 

Fig. 1 is a schematic partial perspective of a 
microelectrpnic seijsor array ih ^jfcord^nce with a . 
20 preferred embodiment, of the. invention.. 

Fig. 2 is an enlarged , view of . a portion of Fig. 1. 

Fig. 3 is an enlarged view of the electrode portion 

of Fig. 2. . . . - . ■ ^ ■ ■■' -. 

Fig. 4 is a section ;taken along lines IV- IV of Fig. 

Figs. 5A-5D are schematic cross-sectional process 
diagrams showing important steps in forming test sites. 

Figs. 6A-6.H are schematic cross-sectional process 
diagrams showing important Bteps in f orx&ing alternate 
30 embodiments of the test sites. 
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* , ■ . ' ■ ' - " • . 

invention may al,so be used for cell detection and 
antibody_detoctipn or detection of any hybridized 
molecule,.;. ^ 

The secpiencer 10 cpxi^rises an X-rX axxay of test 
5 sites 12 electronically addressable by conductive leads 
XI ^ X2^ X3r— XN on the X-axis and conductive leads Yl, 
Y2, YB-s-^lCN on the Y-aacis^ X'-logic circuitry 36 for 
sequentially addressing each > X-line is coupled^ to 
detection and recognition circuitry 40. Similar . 

10 circuits 56 are coupled to the Y-lines Yl YN. The 

array 10 and X and Y. logic circuitry 36 and 56 and 
circuitry 4Q may all be implementeil on a single 

semiconductor chip depending upon cost trad^-offs. 

> t» " - . . . — • < , . . . , . 

The. te^t site^ 12 , described, in greater detail 
15 hereinbelpw, ar& formed in a semiconductor waf^ using 
semiconductor, photolithographic processing techniques . 
Each test site contains a plurality of probes 22 (See 
Fig. 4) which are capable of binding to known molecular 
, structures (hereinafter "target Xs) The targets could 

20 comprise, for example, .biopolymers such as. 

'■.■»'.. • ..... 

polynucleotides, PNA, RMA, cells, antibodies or anti- 
antibodies. For the case of a imA or DNA sequencer, the 
synthetic probes may comprise, for example, 
oligonucleotides . All the probes 22 in a given test 
25 site are identical. But, the probes in respective test 
sites 12 differ in a known sequence f ox: simultaneous 
detection of a plurality of different targets (or 
sxibsequences within a tisrget molecule] within a single 
array 10. 

30 When a saonple substance containing the targets in 

am electrolyte solution 18 is poured onto the array 10, 
the targets bind with associated probes 22 within a 
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plurality of wells 42 formed in each test site 12. 
' ' lifter sufficient time for binding/ the surface of the 
array 10 is" rinsed to remove excess targets or other 
unboiind molecular structures. The remaining target 
' 5 structures will be^ for the most part, bound to the 

* probes attached to the microf abricated array 10 at 
specif ic test sites 12. Each test sfte 12 is' then 
inteirrogated erectronically by the logi6 circuitry 36 
and 56 to determine whether targets have bound in that 

10 test site.' Test sites having bound targets, i.e., 
hybridized^' molecules, will have changed electrical 
parameters, which may be detected by detection circuitry 
40 coupled tro tfh^ test' sites over the X^and 7 leads. 
Thts, by electronic addressing, the detect idh 6f 
15 specif ic ta!tget/pr6Be' bihding^^ achieved at each test 
-site 12 withiii the microf abricated array 10, "thereby 
■ detfermihing the cbmposi%ibn' of the tai-igets 'that remain 
" ' present after washing.* 

^ !F<ir the eJ^fample of vkx ^eijuencing, recognition 
20 circuit 4 0 performs a se^uencie*' Analysis described in 
connection with' Pig. 21 baked upon the composition of 
the' targets '(nucleic acids) detected by the circuitry 

• 40* - " 

Notef ^'circuit '40 is 'prefeirably coupled to the test 
25 sites by transistor switch4*s {not shown) using row and 
dolumn addressing techniispies €mpl6y^d, for example, in 
addressing dynamic random access memory* (DRAM) or active 
matrix liquid crystal display ' (AMLCD) devices. 
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rinse ^ a niamber of the wells in the array will contain a 
significant amount of this bonded or hybridized DNA, and 
the rest will contain only the original oligonucleotide 
strands in an aqueous solution. The wells are then 
5 interrogated electrically in sequence using the 
electrodes 16 and 20 in each site. The sites that 
contain hybridized DMA are recorded. For example, sites 
without hybridized DNA will have different electrical 
properties than those with hybridized DHA and will not 

10 be recorded. At the resonant frequency of a DNA 

molecule in aqueous solution ,^ the imaginary part e" of 

' ■ the complex relative p^ittivity €«e'-j€" of the 
solution 6an be approximately a factor of 10 to 100 
times larger than its value for an aqueous solution 

15 ' without: the DNA: Methods B/ c/ d, and E below are 

des ighed to measxire or detect this difference in e' ^ at 
each site 12. From this data base, a computer 
wbver lapping" or "neural network" algorithm in circuit 
40 reconstructs the entire coding sieguence of the 

20 unknown DNA. 

• , .. . - 

• J • 

B. Dissipation Factor Test 

Fig. 7 is a plot of dissipation factor versus 
the log of freiquency for bonded (hybridized) DNA (curve 
B) and unbonded DNA (curve A) showing how the dispersion 
25 factor D « €"/€'^ differs, depending upon whether the DNA 
is bonded or riot.. Note: Depending upon the particular 
samples measured, the curves of Fig. 7 may be reversed, 
i.e. curve B could represent unbonded DNA* This 
difference in dispersion factor is used to determine the 
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presence or absence of hybridized BNA at a test site 
formed as in Figs. 1-6.. The dissipation factor at each 
test site is measured by well-known instrumentation such 
as an LCR meter in circuit 40. The meter ^ is 
5 successively coupied to each site 12 . yia. logip circuits 
36 and 56 • 

C. AC conductance Test 

— : — ■ * ; ^ 

Similarly, the presence or absence of. hybridized 
DNA can be detected by measuring the AC conductance G^c 

10 - e»'A/d at each test site; wherein. A is tlje effective 
area of one electrode and d is the eff^^c^ive, distsmce 
between electrodes. ! At the x:elaxation frequency of a 
given DNA molecule, the AC conductance shQuld be a^ much 
as 100 times or mor6 larger than the conductance when no 

15 DNA is present. Fig. 9 is a schematic representatxon of 
how this test may be conducted. A pulsed or frequency- 
scanned waveform is applied across electrodes 21B and 
20B of each test site 12iB. Probes 22 ^r^ formed, on, each 
electrode and an aqueous solution of target molecules is 

20 formed in the wells 42B of the test sites 12B. The 

'J , . « . ■ ^ ^ , ^ 

presence of hybridized DNA^is detected at a resonant 
frequency of DNA as shown in Fig. 10. 
An LCR meter may be used to measure G or R r= 1/G. at a 
tiiscrete frequency 1 Alternativjely, ^^s discussed in 

25 connection with Figs. 9 and 10, G can be measured as a 

' - ■• * ' '. ■ . ' ' - . *. ' '• • • • • 
function of frequency. 
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D. fTransmiss ion-Loss Deti&ciiioh Test 

Signal loss on a transmission line is also 
sensitive to c". By incorpbrating a trans;mission line 
11 between the X and Y lines at each test site (as shovn 
5 in Fig, 8) electrical detection of hybridized molecules, 
such as DNA^ can be accomplished by scalar measurement 
of the RF loss of an electromagnetic wave passing along 
the line ll at each test site 12A. Line 11 may comprise 
a micro-miniature version of stripline, microstrip, 
10 waveguide, coplanar wave^ide, slotlihe, or coaxial 

line. To achieve maximum sensitivity with this method, 
the test site well 42 A is made relatively wider and/ or 
longer than the Well^ in Fig. 4, and the' length of the 
transmission' line" in the well is maximized by forming it 

15 in a Itfearidierihg pattern. 

. . . . . - . ; ::: " ' ••■ ... V. : ■ 

Pulse and Chirp Method at Detedtion 

shown in Fig. 11/ a frequency scanned or 
chirped voltage waveform Vj may be applied acrdis the 
electrodes at each site and the resultant response 
20 waveform (Fig. 12 or Fig. 13, depending upon whether 
frequency is increasing or decrea^ihg) is analyzed to 
determine the presence of hybridized DNA as indicated by 
a maxima at a hybridized DNA" frequency. The measurement 
of the relaxation frequency of the hybridized DNA using 
25 a frequency-scaunied waveform gives additional 

information about the properties of the hybridized DNA, 
"e.g., crosslinked versus non-crossliriked. 
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F. Micromechanical Resonator Deter ^inn Methods 
In this embodiment, a jilurality of mecdianical 
resonator structxires are formed in test sites formed in 
silicon wafer 34C, as shown in Fig. 14. The resonator 

. » . • - - » 

structure comprises a lower metal sensor electrode 20C 
extending in the X-direction and an upp.er membrane 
resonator film 21 preferably of silicon .nitride or metal 
such as tantaltm. extending ^along a Y-direction in the 
plane of the wafer. Typically the membrane size is 

• * W 1' A' 

• • • 1 i -■ . 

10* about 100 microns in diameter or width /length., A 

dielectric gap £0, preferably of air, is formed between 
the upp^r and lower members 2 IC and 20p. . . . 

A test site well. 42C is. formed over membrane 16C 
and probes 22C formed in the well surfaces,, , Target DNA 

15 solution 18C is dispensed into the t.est.W€tJl 42C. The 

.... * 1 ■ ■ - 

mechanical cavity 60 between the upper and lower 
electrodes 16C and,20C forms a resonator. This 

resonator has a resonant, frequency in the kilohertz to 

li- ' » . ■ • *- ♦ 

multimeg?ihert2 range with a narrow, resonant .linewidth. 
20 An RF signal propagated across each resonator will 

produce a characteristic high ,Q r.esponse with a na^rrow 
linewidth- A shift in either Q or resonant frequency 
indicates the presence of hybaridize^ molecules, on the 

resonator surface electrode membrane 21C. 

'» ,..»"' »•■•••, •"• ' 

25 Membrane electrode. 210 may .be formed of. a. thin film 

.t . ■ - . 

of silicon, nitride using cbemical vapor deposit J.on at a 
well controlled silicon to nitrogen ratio and controlled 
elevated temperature to adjust the film tension, when it 
is cooled to room temperature. Membranes can be formed 
30 on unpatterned silicon wafers then released as free 

standing structures by etching out a silicon window from 
the back side. Examples of mechanical resonators and 
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The advantages for using 1,2-dioxetanes are 
numerous. In addition to no radioactivity ea^osxire, 
this method is relatively simple to perform (reagents 
and equipment are inexpensive) . Finally, this method 
5 has a lov baclcground noise level and wide dynamic range. 

In an alternative two-piece implementation as shown 
in Fig. 16 the prpbe site array 200' is formed on a 
separate thin transparent substrate- such as a lb-mil- 
tiiick .pyrex plate 270. This separate plate is marked 

10 with precision alignment features such as. etched or 

printed gratings (not shown} to permit a precise 
^ automated overlay of the separated probe plate onto a 
separated CCD array 260.' Each array location in the 
probe platje is sensitised with unique probes. The CCD 

15 array is then fabricated With or without the blocking 
filt^ 250 of Fig- 15. In one embodiment, an analysis 
is made by bringing the probe plate ixito registered 
close proximity over the CCD arxay without using a lens 
to image the. plate onto the CCD. Irradiation of the 

20 plate is as in either of the embodiments discussed above 
in connection with Fig. 15. A further alternative is to 
image the separated probe plate 200' onto the CCD array 
260 tising a lens. This would allow a greater separation 
•between the plate and the CCD array, -for the case in 

25 which -steondaxy fluorescence is used, and also allows 
sepeuration of the excitation and fluorescence by 
obliquely exciting the probe plate. Imaging with 
magnification or-demagnification is possible so that the 
probe plate dimensions can be optimized separately from 

30 the CCD. 
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- The CCD device used t-o monitor "the r.probe- aurray for 

»•*.»•• .-..it 

any of these geometries can .be of , the ..conventional 
variety and sensitive to the ^ultraviolet ai^d visible 
spectrum. An alternative approach is to use an 
5 infrared, heat-sensitive array detector siXch as a 

platinum silicide or irid;Lum silicide infrared imager. 
This latter, choice would permit the direct monitoring of 
heat evplved f rom prohe array ^during a biochemical 
reaction such a^ l^bri^izationr or antibody^ action • DNA 
10 hybridization and pther heat^-generating reactions may be 
4irectly detectable, through their thermal signature 
during reaction. The, infr;ared tr:?insmission .cmd 
. reflection properties of the- product C^g. , rhybjridized 
DNA) vill be distinctly diff erent thantthis reactai&s due 

15 to the formation of new molecular^: bonds'* with hew 

«. . 

absorptions from infrared-active, vibrational and 
rotational modes in the product molecule. In the 
configt;x;ation of .Figs. 15 -and 16, thermal ' properties can 
be monitored also by: monitoring thermally generated^ 

20 noise in a conventional-visible wav^slength or JR 
detector, array. In this case heat generated.: by. the 
biochemical .-reaction is transmitted by thermal^ 
conduction through the thin devige layers rand detected 
as a noise burst on the electrode .220. ^The. .array may 

25 also be flood- irradiated with infrared,, visible, or 
ultraviolet light In the conf igvifation of Fig. 15. In 
this case, light is chosen specifically in" a prpduct- 
. state (e.g.,- hybridized DNA) absorption band. In the 
unreacted state the flood illumination is transi^itted 

30 through the well and reflected by filter 250. Wells in 
which the desired reaction has occurred become absorbing 
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t , - - * . # ^ ^ • 

at the flood, illumination wavelength. After absorption 
the flood illUDiination automatically converts to heat 
and is. detected after conduction into the device below 
the active , well site- ' . . 

S v. PRQRE FOiatATION 

A. General 

One method of forming the array 10 uses probes 
attached to the test sites 12 in th^ array. . Different 
probes can. be attached to the test sites 12 according to 

10 the type of tao^et desired. Oligonucleotides, single or 
double stranded DNA or ENA, antibodies or antigen- 
antilbodj couplexes, tunor cells and. oltater test probes 
known to th.Qse . ,of skill in the ^rt.' nay be used . The 
probes are attached to the test sites by f iscation to a 

15 solid support substrate on the surf ace of the wells 42, 
or alternatively, attached directly to the electrodes 16 
or 20, as in Fig. 4. The solid support substrates ^ich 
can be used to f octi the surface of the wells 42. include 
organic or inorganic substrates, siich as glass,. 

20 polystyrenes,, pplyimides, silicon dioxide, and silicon 
nitride. 

. The solid support substrates or the electrodes must 
be .functio|ializ,ed to create a surface chemistr]^ 
conducive to the formation of coyalmt linkages with the 

25 selected probes. As an example, a glass support can be 
f unctionali^ed with an epoxide group by reaction with an 
epoxy silane. The epoxide group on the support reacts 
with a S'^-amino-derivatized oligonucleotide probe to 
form a secondary amine' linkage, as des^ibed in ParJcam 

30 and Loudon, BBRC 1:1-6 (1978), which is incorporated by 
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reference herein. Formation of this covalent linkage 
attaches the probes 26 to the support surface in the 
desired array. Examples of functionalized polystyrene 
surfaces include 5' aldehyde or carboxylic acid 
5 derivatives coupled to hydrazide^-actiVated polystyrene, 
as described in Kremsky, et al. (1987) Nucl. Acids Res. 
15:2891-2909, and 5' amino derivatives coupled to 
polystyrene which has been activated by diazotization 

and 5 ' phosjphate derivatives couplidd to amino- 

.. • » . . . . * 

10 functionalized polystyrene, as described in Lund, et al. 
(1988) Nucl. Acids Res.: 16:10861-10880, both articles 
being incorporated by ifefetenbe- herein. 

For direct attachment of prbbesi to the electrodes, 
the electrode surface must be fabricated with materials 

15 capable' of ^o3nbin^' conjugates with the probesV 

M&t^tials which caln b4 incorporated ' iiitb the surface of 
th6 electrodes to provide for direct attachment of 
probes include electrometal ^materials, such as gold, 
nlobixim oxide, iridium oxide, plaitiniam, titanium, 

20^ tantal\2m, tungsten and other metals. These 

^lectrometals are capable of forming stable conjugates 
directly on the plate surface by linkages with organic 
thiol groups incorporated into the probe, as described 
in Whitesides et al. (1990) Lancrmiur 6:87-96 and Hickman 

25 et al. (1991) Am. Chem. Soc. 113:112^-1132, both of 
which are incorporated by reference herein. As an 

example, a synthetic DNA probe lalSeled with a thiol 

. • • • ' * . ■ ' 

group at either the 5' or 3' end will form a stable 

conjuga:te with a metal, such as gold, in the plate 

* • ■ 

30 surface to create an array of directly attached probes. 



W093/22£78 PCr/US93/03te9 



-28- 



... . Laser initiation of the reaction occurs either by 
localized heating or by photochemistry. A preferred 
embodiment uses a visible-wavelength or UV argon ion 
laser in combination with a galvanometer scanning system 
to initiate photochemical synthesis/ Mt^raatively, 
since synthesis reactions are known to be highly 
temperature sensitive, an argon or infrared laser may be 
used to initiate synthesis by local heatJbng of an array 



10 The method can also be . s^plied to. the synthesis of 

pe^ptides or other polymeric probes on solxd suppoirts, 
based upon the principle of thermally addressable de- 
protection. For example, in the case jof peptide 
synthesis, sii^e selective peptide synthesis is achieved 

15 by thermal repoval of the: f -moc proteicting groups , ^ 
typically in dilute base, followed by capping and the 
other ordinary steps of peptide synthesis..; 

Alternatively, a "glue" layer can be locally 
activated Fig. 26A-b (or deactivate^) or locally applied 

20 Fig. 25A-D to a test site by means , of scanned laser 

. ■ ■ . ■ ■* .» * 

irradiation. In this, embodiment the ultraviplet, 

• . . "!*•'.*. * . . • ■ • ' ' . . ^ - 

vjeible or infrared laser used to photc :;hemically or 
thermally alter the adhesion prpperties of the -desired 
array sites. The probe solution, for example of type A, 

25 is then washed, over the array resulting in localized 
adhesion af the type A probe, at the desired sites. The 
type A probe solution is then rapidly riinsed from the 
systeaa, a second laser irradiation .at new sxpcay sites is 
applied, and type B probe solution is introduced to 

30 adhere type B probes. The progess i^.xepeatBd to 
sensitize the full array. 
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v^' ' » 'Array sensitization may acconipii^hed using, for 

- ^ example, a GW ar#6n-ion or CW Nd:YA6 laser using 
scanning optics such ^s galvanometers of rotating 
mirrors, or using a fixed laser Seam Vith a computer- 
« V5 controlled X-Y stage. An activation or deactivation 

process in a "glue** layer can be pref ierably kccomplished 
using a short*pulsed laser such as a pulsed Nd:YAG laser 
or excimer laser. An eiccellent approach is to simply 
cover the **glue** layer 902 to "deprotect" and thereby 
10 reveal the "glue^' bylablating a passivating material 904 
applied over the ••glue** (See Figs. 2 6A-D) • " Examples of 
^ -Mgitie** layers 'are epoxides^, thiols "or h;/dro^hilic , e.g., 
hydrated surfaces. Pasfsivating materials can be 
' hydrophobic materials* stich ak fluorine*-^terminated 
15 ' f Inorocarbbn^ or the* derivatives or " 
■ hexamethyidisilizarfe.' - \ , y '^x ^ 1 

Figs. 2SA--D and 26A-D illtxstrate t:v6' alternate 

* * - * 

•methods of prob4 formation tisin^ the **glue" approach. 
' Furthermore each shoir^'tvo alternate ways to activate a 

20 ' test* kite V One Way is to use a programmable Element 
such as a heater element 906 embedded beneath a test 
site to indu6e a' theimal reaction in the test site and 

' " thereby create or deposit a glue layer 920 to which the 
probes adhere. Fully synthesized probes 912* are washed 

25' over the cite and adhere to the exposed glue layer site 
920, Fig. 25D'. Nekt another site is formed or exposed 
and a different 'probe attached. Alternatively external 
radiation as in Fi$. 25B is used to form the gliie layer 
920; or as ih Fig; 26B and C to ablate a passivating 

30 layer 904 krid expdse a glue layer 902. 
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the washing (removal) of unhybridized and mismatched 
target molecules. This technique is not only applicable 
to the, electronic genosensors of Figs, 1 through 9, 
which have electrodes present within each test site, but 
5 can be eipployed in both the nicromechanical-resonator 
and CCDr-based approaches by either using the electrodes 
present within or under each teat site or f ateicating 
one or nore additional electrodes at each. test site for. 

■ ' ' * 

•this purpose. . . ' ' 

10 . Alternatively, .the pot^tial applied to individual 
wells can be used to draw a current surge through the 
well structure sufficiient to evaporate a "glue" layer or 
glue passivating layer similar to that descril>ed above 
in the last method. S^sitization of the array is 
15 similar to the electronic programming of an array of 

electriceLL fuses. 

Referring now to Figs. .18 and 19, a niicrofluidic 
^stem for synthesizing unique .genosensor probes iff situ 
in a test site will now be described. In this 

20 embodiment, reagent sources 352 are individually f luidly 
coupled via channels LI, L2 LN to respective 
microchannel valves VI, y2 -'■m fwnned in ^ suitable 
substrate 341. Valves Vl-VK enable floK-9f solution 
into manifold line. L4. Microfluidic peristaltic pump Pi 

25 f orces the solution onto array 10', which is enclosed by 

.... ^ : - ' - • - • 

laser-radiation-permeable films 344 and 343, such as 

' " ' " • * 

silicon nitride or silicon dioxide. 

Badiation from laser 416' is ^selectively projected 
onto individual test sites 12*^ formed in substrate 341, 
30 in accordance with previously described scanning or 

imaging methods. Laser scanning of test sites induces 
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localized activation of individual sites as the input 
' solution fluids are rapidly switched using valves Vl-VN. 
The entire fluidic system as well^ as the array may 
^ be formed on a single chip of semiconductor or 
5 dielectric material, such as Si, glass, AI2O3/ etc. 
' Channels 342 are etched into the' substrate 341 using 
. : conventional photolithography and etchahts or^by micro- 
" machining techniques. ' An array 10' of test sites 12' is 
formed' in the substrate, as described in connection with 
10 Figs. 1-6. 

The microf lufdic flow system depicted in Figure 19 
■ can i3e formed as follows/ A photoresist mitetial is 
spin-coated on a substrate 341 formed, f dr example of 

pyrex glass . ^ The micrbchanxiel structure ' is then 

>. » . • , „ ^ , • 

15 ' patterned £nto the photoreisisi using steuidat'd 

- • 

- -photolithography and the pattern, including channel 
structures 343 and 342, are transferred in1:o' the 
substrate by etching using buffered HF.' A membrane 
: v actiiatoPr layer 344, comprised of preferably a 
20 piezoelectric, such as lead zirconltim titanate ^or PVDF 
polymer and metal electrodes,^ is then bonded to the 
microchannel structure; * During sensitizatlLbn the array 
10^ is sealed againsif the inicrofluxdic system preferably 
using ^n elastomer 0-ring 345. " Alternate membrane 
25 actuator layers, known ^to specialists in the art, make 
' use of shaped memory alloys rather than piezoelectrics, 
or are based on passive materials deformed 
electrostatically, for example, aliMinum films which are 
"deflectecl by DC voltages applied to electrbdes (not 
• 30 shown) . • ' * 
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The concept, of uising a larger set of DNA |>robes to 
decipher the base sequence of a DMA sample target is 
illustrated below. Example I shows a small portion of 
the base sequence of a DMA saiople^ which has been 
5 converged to single^stranded form by heating prior to 
analysis, exposing the sample DBA to a set of 
synthetic DNA probes representing all' possible sequences 
for a given probe length (for example/ all 65,536 8-base 
probes) , and then detecting which probes have 
10 specifically bound to the target DNA^ a complete list of 
• ' : oligonucleotide sequences contained in the DNA sample 
can be generated. In trhe case shown in Example 2 
(b^low) only those 8mer probes listed would hybridize to 
the sdimple DNA sequence. In turtl, an overlapping 
15 algorithm is 'used to generate the complete seiguence of 
the target DNA from. the oligonucleotide content. 

■ Example l " - 

IFnIcnowh Single* Strand DNA (rRb-get) • 
- • ATCGCTTft^GTAATC ^ 

20 ^ ' V Example II 

. Hybridized Synthetic Genet id Probes 

TAGCGAAT > * ' 
. AGCGAATG. ' ^ 
GCGAATGC 

25 ^ CGAATGCC- 

-\ . GAATGCCA • 

AATGCCAT 
* ^ . • ATGCCATT 
TGCCATTA 

30 GCCATTAC 



» 4 » 
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. . .yill. ^ APPLICATIONS . 

Commercial applications of the present, invention 
. . with regard to DNA and RNA detection include genetic 
. research, genetic and infectious disease diagnosis, 
. 5 . .toxicology testing, individual identification, 
~ agriculture identification and breed optimization, 
quality assurance through contaminant detection, and 
occupational hazard screening via mutation detection. 
. There are currently estimated to be 4,^000 to 5,000 
,10 .^genetic diseases in humans, in which a mutational change 
-i;i a gene . destroys or hiz^ders the ftuiction of a gene 
^ product, .leading to a serious medical cpndition. The 
affected .genes and proteins (gene products) have thus 
r f ar, been .identified for small . fra<3tion.r of human 
1^.* gen^tiq -diseases,- although the nuiober is increasing 

steadily. A -few examples of human, genetic diseases for 
which mutations associated with the disease have been 
identified include^ystic fibrosis, phenylketonuria, 
Alzheimers' disease, cancer, Duchenne muscular 
20 dystrophy, andvf amilial hypercholesterolemia. Although, 

in some cases, the disease is associated with one or 
very few specific mutations, it is becoming evident that 
many, if nj9t.mpst> ; genetic diseases can be caused by any 
of numerous mutations, scattered along the affected 

25 gene. In the former case, the presence of a defective 
gene can be detected through the use of simple DNA 
hybridization detection tests in which a synthetic DNA 
probe is used to discriminate between a wild type and 
mutant DNA sequence. In the latter case, a substantial 

30 DNA sequencing effort is required to search through an 
entire gene for mutations that may be associated with a 
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I.. 



(RFLP) : analysis,' wixich is time consuming and laborious. 
DNA typing can play an important role in forensics and 
paternity testing.;, tn addition, there is interest in 
DNA typing all personnel in the armed services. 
5 As valuable new plants and livestock are developed 

by genetic engineering, there will be a need, for DNA 
typing to verify the source and ownership of 
agricultural products. The sequence information that 
will come from genome sequencing in humans, ..plants and 
10 animals will lead to incr eased r application of genetic 
engineering techniques to deyelpp pharmaceutical agents 
and create improved crops zmcl livestock. Examples 
include strains that are more resistant to disease and 
harsh climates, as well as crops that have a greater 
yield or higher nutritive value. • 

The present invention can be used in connection 
with detection of targets which are molecular structures 
other than DNA- or KNA, such as cells and antibodies. 
. Table III sets forth feasible probe types for other 
20 molecular structures : serving as .targets.. The stated 
.probe .types are not meant to be .exclusive. 

; . TABLE III 

..Probe Types. 



Target ..... SsabS 

25 DNA, ENA . Oligonucleotide 

Antibody Antigen (peptide) , anti- 

. ' aMtiBody 

Cell . Antibody, protein 

Hormone receptor Hormone 

30 Aviden - Biotin 

Immunoglobxilin Protein A 

Enzyme Enzyme Factor 

Lectins Specific Carbohydrate 
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: ■ '. r . Vfh^n the aetectai: enplbys- pe'ptides or other 

antlgms as probes; It can be Use;a to detect antibodies 
-in biological fluids, as shown in -Pig.: 22. 

- In- this ttri3odi»ent"> a peptide antigen (the probe 

• 5 22) is' affixed to the' SiOa SO at the bottom of the test 

^ w^ll 12A (similar to that illustrated in Pig- 6H) , 
Binploying a bifunctiohal crosslinker such aff one with a 
" silane ai oiie end and an ejpoxide or other peptide 

specific- group*, at the other. ' • 

10 'The tr^t#d surf ace is then incubated with a fluid 

' containing antibody (the- target t) .^'"Because 
antibodiies aire large macromolecules (150,000'to 950,000 
' ' MW, depending'-bn class) /'"the resulting targeit/probe 

•'bonding produces -a -linrge change* in 'the* peinaiitt of 
15 the test well 12k. 'The magnitude of the effefet can be 
additionally amplffiedf by treating the target/probe 
complex with a second'antibody which is Specific for the 

• target antibody, thereby creating a very large complex. 

' * The if finit^ -and selectivity of antibody/antigen 
20' and antibddy^antibbdy interaction are well known and are 
the basis f or an lexi'sting clsifes of iJtotechnbiogy (ELISA 
assays, inununohistochemistry , and others). The 
technology described here employs those well understood 
binding interactions in ' a new microelectronic detection 

25 scheme* 

The commercial application of the methodology is 
for use to detect the presence of any of hundreds of 
thousands .of different antibodies or other proteins, 
simultaneously, in a blood sample or other biological 
30 fluid • This is particularly useful in blood .typing, the 
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detection of viral infection such as . AIDS , or the 
diagnosis Of cancer. It would also be very useful as a 
research tool- It would replace or augment the use of 
ELISA assays and other biocdiemical methods to detect 
5 antibody /antigen interaction • 

When .the detector eiqploys as a probe, peptides, 
antibodies, or other molecules which bind to cells, it 
can be. used to detect specific cell types, in biological 
flxiids.. 

10 .In this eHibodiment, the probe 2? comprises an 

antibody, protein, or other ^dolecule which is known to 

bind to the cell, surface. The. tar get T in this case is 

an intact cell, having receptors T for bonding with the 

probes 22, . . .. 

15 A fluid solution: containing cells is a^ded to the 

detectQr. Subsequent to the taorget/probe. binding 
interaction, binding, gives rise, to detector wells ^ich 
are coupled .to a cell* Since cells do not conduct 
current and display low. frequency dielectric reilaxation, 

20 binding of a cell can be detected, by either a change in 
absolute conduction in a well (a modification of the 
Coulter principle) or by the induction of a low 
frequency dielectric relaxation effect. 

^ The commercial application of the methodology is 

25 for use to detect the presence of cells with altered 
.cell, surface pr0pert4.es, especially qe^lls in the blood 
or .other bodily,fluids. Cells from solid tissues could 

b - mm t 9 ' * ' * 

be analyzed subsequent to standard tisfsue dispersement 

methods. Such a detector would be useful, in the 

..I • • • • ■ . 

30 diagnosis of viral infection and for cancer diagnosis , 
as well as a scientific research tool. It would serve 
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as a replacemen-t for the use of fluorescence microscopy 
(immunohistochemistry) and fluorfeiscenc^ lafctivated cell 
sorting* 



IX. ADVAMffiPAGES 

5 Current microfabrication techniqUeis enable 

inexpensive construction of multimegabit memories that 
ektiibit uniform densities and propertied. Hence arrays 
containing potentially millions of individual biological 
test wells or sites can be miniaturized domparable to 

10 ' standard electronic devices lit a similar cost. For 
example; a 1cm by icm krtay cdiild easily be fabricated 
cbntaiiiing one million bioiogicai test sites • Moreover , 
" the iShiform electricai properties of the d^^vices 
fabricated in such manner enhance the detection 

15 ^ sensitivity beyond many othet- approaches. ^ 

~ One important Advantage of the micrbfabri&ated 

• * ' * -ri— V 

eiectrbnic 'detector and the- opticai-abiorptibn CCD 
cietectbr described prfiViotiBiy is that the detection 
method provides diifeeit detection of target /probe 

20 moleciilar binding: Hence nb" toxic fluoiescent, 

radioactive, or chemical iaarker need be attached to the 
targets or probes. Rather, only an appropriate 
electrical signal or frequency shift must be experienced 
for detection. Such signals or shifts! naturally occur 

25 for maity target /probe combinations , such as DNA and RNA 
to an oligonucleotide. However, if the signal or shift 

w 

in the electronic detector is weak or nonexistent after 
' bonding, a charged molecular marker can be attached to 
-the target. In addition, detection in the electronic 
3b ' detector is observed "by a change in frequency - 



wo 93/22678 



PCT/US93/03829 



-44- 

characteristics, as. opposed to a change in magnitude 
Characteristics vhich can be obiscured in tiae as the 
microfahricated array is e^osed to the corrosive 
biological solutions- Thus, the device may be cleaned 
5 and reused a nuinber of times without affecting its 
accuracy. Although the aethod of dietection will 
withstand some corrosion of the electrodes, a 
* passivation layer can be employed to coat the plates for 

even longer use* 

10 Another advantage of the present inveiition is that 

the electronic circuitry used to interrogate the test 
' sites to perform the detection measrarements can be 
fabricated directly on the waif er containing the 
biblogickl array- Switch matrices, signal" processing 

15 circuitry, knd energy sources could' all be incorporated 
on the same chip to facilitate rapid detefcrtibn across 
the array. Consequently, the incorporatibn of active 
circuitry on the wafer would also greatly reduce the 
cost of experimentation.* ' 

20 ' The density of the i)robes 22 attafched ^t the test 
site 12 directly determines the sensitivity. The 

- I 

microelectronic method has been shown to provide a 
factor of ten discrimination between short 
(nonhybridizfed) and Ibng (hybridized) single-stranded 

25 DNA ftkgments, whereas the iutercalating-dye optical 
approach provided a factor of three. 

The elimination in nest embodiments of radiographic 
film reduces the testing time since film exposure is not 
required. Sample preparation time is reduced greatly 

30 since the nucleic acid fragments need not be labeled. 
The detection method is quick; the measurements can be 
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perforaed as soon as sufficient molecular binding is 
completed. Furthermore, the measurement process can be 
automated via on-chip microprocessor control to provide 
a very fast method of accessing each test site in the 

\ 5 array. . / ^ 

The microelectronic technology incorporated into 
these types of detection devices will drastically reduce 
the price for such experimentation. Essentially, the 
efficient mass production techniques emp^loyed in making 

10 megabit memory chips and megapixel CCD imaging chips can 
be employed.. 

Although the present invention and its advantages 
have been described in detail, it st^puld be understood 
that various changes, .substitutions and alterations can 
15 be made, herein without departing from tji^ spirit and 
scope of the invention as defined by the. appended 

. ^ claims. , . . , ^ . . .? ^ 

For example, the active circuitry of the genosensor 
array," such as circuits 36, ,56, 38^ .58 and 40 of Fig. 1, 

20 can be integrated monolithically with the array of wells 
or the same substrate.^ Switch. matrices, analog testing 
circuits, and, analog or digital .(microprqce^spr) 
controllers could all be fabricated on the same wafer to 
perform or simplify the electrical tests. As. shown in 

25 Fig.: 24, transistors I such as, TRX l, cpuld be 

integrated into each substrate adjacent to 9 respective 
. test sitis 12, ^or example, to , disconnect each site 
electrically, except when. it. is being sampled. This 
would necessitate an. additional address line A3 for each 

30 column but, would reduce parasitic capacitanpe and 
spurious signals from lines not in u^^. A greater 
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reduction of these undesixed effects could be achieved 
by a second address line and set of transistors coupled 
to the Y-side of the site 12. 

CCD circuitry (including CCD ia^ilementations of 
5 neural networks) has been demonstrated that can perform 
a wide variety of signal processing and pattern 
rfecdgnition functions. Integration of a CCD data- 
processing circuit with a genosensor array could 
- simplify the DNA detection and decoding, and would be 
10 compatible with the integrated CCD imager, as described 
in connection with Figs. 15 and 16. 

While the invention has been illustraited in ; 
connection with a wet type of testing in 'which solutions 
are used; it is ^tirely feadible to use a "dry" or 
15 "gel" approach itt which the probes 'and hybridized 

probe/ target combinations are formed in a dry medium or 

in a gel. 
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A method for identifying molecular structxires 
comprising the steps. of: ^ 

a) . foradng an array of test sites, each site 

..having probes formed therein capable of 
bonding with a unique mo^-ecular structure and 
Wherein the probes in each ..test s^te differ 

:*•-•••• 

from the probes in other, test sites 

b) applying a sample substsu^ce to the test sites; 
Xi) .. .applying a test signal to the test sites; and 
d) detecting , properties of the te$t s^^tes 

. .resulting from the applied sign^il to .determine 
which pr.Pbe^ have bonded to a molecular . 
structure in the sample substance such that a 

, ■ ^ .... » .1 , . - • ^ > . , - 

plurality of molecular structures can be 

. . ' I* ■ . 

identified. 

The method of Claim 1 wherein the test signal is an 
electro-magnetic signal and forming said array 
comprises the steps of: 

a) forming a first layer on a siibstrate; 

b) forming a second layer on the first layer; 

c) fonaing openings in the second layer into the 
first layer exposing a portion of the first 
layer; and 

d) forming a pair of electrodes in the openings 
and wherein said test signal is applied to the 
electrodes. 
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The method of . Claim 2 wherein forming said pair of 
electrodes conprises the step9 of depositing 
metallization on. the second layer after the 
openings are formed; which metallization forms an 
upper electrode on the surface qt the second layer 
between openings and a . lower electrode on the 
exposed portions of the first layer. 

• • «• • • ■ 

The method of Claim 3 urtierein the substrate is 
formed of silicon r, and. the first layer and second 
layer are formed of a ^.silicon based dielectric. 

The. method of Claim.4 whereiix ,the first and second 
layers are SiO, and Si^N4,v ri^spectively, and the 
metallization comprises Al^^Ti,. Pt, Ta and their 
silicides or Au» . v 

,Tbe method of Claim 1 wherein said. step of 
detecting cosrprises detecting the dielectric 
properties of the test site • 

The method of Claim l . wherein said step of applying 

• ' ' , '■ 

an electronic signal comprises applying a pulsed or 

• . ' « . < .• - 

varying frequency signal » 

The method of Claim 1 wherein each test site is 
formed with a resonant structture which is resonant 
in a . frequency range of electrical signals. 
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9. The method of Claim 8 wherein said detecting step 
comprises detecting changes in *heil^ or the 
frequency of the resonaftf structure. 



r* 



10. The method of Claim l wh»ein said l sample substance 
^5 is in a solution or a. gel. ' 

11. Apparatus for identifying molecular structures 
within a sample substance r comprising: 

' a) test sites formed on a substrate for receiving 
^ * the sample substance, each test site having 
10 row and column electrodes formed therein and 

- -^'^ the structure having row and column* leads 
^ extending to a respective^ electrode at each 

. ' • ■ site; ■ '•■ ' ■ 
b) probes formed in said test sites for binding 
15 to molecular structures; 

-c) -'circuitry for applying an ^lectronife signal to 
:5. - the eledtrbdfe^ of the test sites; and 
d) circiiitry for detecting electrical properties 
of the test sites to determine which probes 
20 ' -^have bonded to^a molecular structure in the 

sample substance. 

12. The apparatus of Claim 11 including an array of 
resistors formed beneath the test sites; 

13. The apparatiis of Claim 11 wherein said electrodes 
25 comprise a plurality of conductive fingers 

extending from a base. 
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The apparatus bf Claim 13 wherein the spacing 
between said fingers is less than about 30 aicrons. 

The apparatus of Claim 14 wherein a first of said 
plurality of electrode fingers is disposed in a 
lower portion of a plurality of wells formed in 
said substr^ate aAd a second of said plurality bf 
electrode fingers is disposed on said substrate 
above the fingers on the lower portion. 

The apparatus of Claim 11 wherein said probes 
cos^rise molecular probes from the group comprising 
cell probes, antibody probes, or peptide probes. 

• * ' , " i ^ • ' . r ' '•' 

Apparatus for-' determining the presence of molecular 
structures within a sample substance comprising: 

a) a test site array formed on a substrate for 
receiving the sample substance; • 

b) {»robes formed in the test sites for binding to 
molecular structures; and 

c) a detector array having a plurality of 
detectors, each respective detector disposed 

adjacent to a respective test site and wherein 

e radiation is prdpagat^d through said test 
. sites and is absorbed to a different degree by 
sites containing bonded probes than non-bonded 
probe test" sites and such difference is sensed 
by the detedtors and used to generate -a signal 
to identifi^ the presence of the molecular 
structures within the sample substance. 



PCT/US93/03829 



..-51- 

The apparatus of .Claim 17 wherein said test site 
array is formed of a disposable plate which is 
separable from ;the detector array* 

-.*■*'. • ■ ■ • 

The apparatus of Claim 17 wherein the test site 
array is formed integral with the detector array to 
form an; integrated structures, : 

The apparatus of Claim 18 wherein the disposable 
plate As formed:of quartz, glass, plastic, AI2O3 or 
: pplyimide.j;c •: - >: ^ ' 

The apparatus of Claim 11 wherein the electrodes in 
BBSitirite^t ^iXB: ate coupled together .by. a • - 
:.tran§mi^siop ^inei ... : . * - 

A circfuit for determining the presence of molecitilar 
, structi;iresi within a., sample si^stance , ; ( compr ising : 

a) a siibstrate:;- > « 

b) . a pliarality-of test sites formed- in said 

. substt^te; - 

c) eleptrpde^H^fprmed in each of the test sites; 

d) lead^ extending to.eaeh of the electrodes; 

e) prpbeg-rformed in respective test sites, said 
probes ;::Of 'ea[cli respective . test site being 
ident^i^cal'.iJ) structure, and probes of 

d4f f erejit ;:test sites being of various 
structures in order to bond with respective 
predetermined molecular st^i^ctures- 
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23 . ^tlie apparatus of claim 11 further including an 
address lead coupled to one of said electrodes via 
a transistor switch. 

24. The apparatus of Claim 17 wherein the radiation is 
5 generated by radioactive, luminescent, or 

chemlluminescent led^els vithin the test sites. 

25; The apparatus of CXaim 17 wherein the radiation is 
generated by secondary emission stimulated by 
• photon irradiation of the test sites* 



10 26. The ap|>arattts of Claim 17 wherein the radiation is 
infrared radiation and the detectors sense thermal 



27. Apparatus for synthesizing moleculeu: probes in situ 
c^prising: 

15 a) an array of test sites each site containing 

molecules to be synthesized; 
b) a light source for irradiating selected sights 
with light to Induce synthesis of molecules in 



20 28. The apparatus of Claim 27 wherein the light is in 

the visible wavelength range and photochemical 

^ ■ • ' ' ,' ' 

synthesis occurs. 

29* The apparatus of Claim 27 wherein the light source 
is a laser which is scanned from site to site to 
25 induce localized synthesis. 
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The apparatus of Claim 27 wherein the light induces 
local heating of a selected test site to induce a 
thermal synthesis of xaolecules. 

The apparatus of Claim 27 wherein the molecules 
comprise oligonucleotide strands. 



Apparatus for synthesizing molecular probes in situ 
comprising: 

a) an array of test s^tes each site containing 
precyrspr molecules to be reacted; 

bj an array pf resistorsVciisppsjB4 adjacent to the 
test site array with a respective resistor 
located ip proximity to a resRective . test- 
site; and . 

c) coupling means for coupling a ^respective 

resistor to an electrical so\zrce for heating a 
respective resistor to, induce a. thermal 
reaction for synthesis of molecijles in a 
respective test site. ... t 



The apparatus . of Claim J. wherein the .test site 
array and resistor. ari^ay a^e j&ormed as an 
integrated structure. , ^ 

Apparatus for synthesizing molecular structures, in 
situ comprising: 

a) an array of test sites each site containing 
precursor molecules to be reacted; and 
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b) each test site containing electrodes coupled 
to a voltage soiirce for inducing a reaction to 
synthesize molecules in a respective test 
site. 

^ 5 35. The apparatus of Claim 1 herein the array and 

-i;; electrodes are formed in integrated structures. 

36. Apparatus for determining the presence of molecular 

' Structures within a substance comprising: 

■ . ■ " 

a) a source of said substance; 
^ 10 b) a plurality of sources' of solutions containing 

■i • - known molecules which bind uniquely with 

different molecules; and 

c) mixing means for selectively mixing each of 
said solutions with said substance; and 

lis d) a detector for detecting the occvirrence in the 

' mixed solutions of binding between the known 

« - ...... 

molecules and molecular structures in the 
substance. 

37. rrhe apparatus of Claim 36 wherein the detector 
20 detects binding by observing change in opticeuL 



38. The appsuratus of Claim 36 wherein the detector 

detects binding by observing change in electrical 
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39. The apparatus of Claim 35 wherein the pliirality of 
sources are contained in respective capillaries, 
each capillary having a valve for connecting a 
respective soiirce to a stream of said substance. 

5 40. The apparatus of Claim 39 wherein the capillaries 

and valves are f ormed in silicon and have diameters 
in the range of i to 10 microns. 

41. Apparatus for synthesizing molecular structtires 
comprising: 

10 a) an array of test sites ; 

' ' . . . : • * * . ' '." .... ■ . ■ * • 

b) a source of chemical reactants disposed neatr 

the test sites; 

if »' ~ " ' , 

c) electrodes associated with respective test 

. f, «)•. s ' t • , f ••■-> • ^ , * 

, ., ' • I ^ . ... - , . 

sites; and 

» . ... ^> - - ' 

15 ' ' d) means for applying a potential to a re 

■ '1 • ■ . ».■ ••-. - ■ ~ /■ , • > ■ ^. 

electrode to attract said chemicals to a 



42. Apparatus for enhancing hybridization between a 

synthesized probe and a target molecule comprising: 
20 a) afi "array of test sites each 6ite containing a 

plurality of said probes; 

b) an electrode associated with each site; 

c) a source of target molecules applied to said 

sites; and^ 

..... ■ • - ' . .• 

25 d) a voltage source for applying a potential to a 

respective electrode for attracting said 
target molecules to said probes. 
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43 . The apparatus of claim 11 wherein the test sites 
comprise Veils formed in the sxibstrate. 

44 . The appectatus of Claim 43 wherein the wells are 
formed with a textured surface. 

5 45.' !Ehe apparatus of Claim 44 wherein the teactured 

surf ace consists of comigations. 

^ • ► ... 

46. The apparatus of Claim 45 wherein the surface of 
the electrode^ are also corrugated. 

47. The apparatus of Claim 15 wherein the spacing 

10 betweeh the electrode firigefs on the lower portion 

and the electrode fingers in the upper portion is 
' iii the order of the diameter in solution of a 
target DKA molecule. 

48. The method of Claim 6 wherein the dielectric 

15 -property is permittivity. - 

• . . . - .... ...... 

49* The method of Claim 37 wherein the ^iWctrical 

property is permittivity. 

. • • ' #- 

I . . ■ I. 'Hi .» ' 

50. The method of Claim 1 wherein .the sai^le substance 
is in a solid state. 



20 51. Tie method of Cladk 8 "irtierein the resonant 

structure is a transmission line ahd changes in 
phase or amplitude of a signal ^^trbpafg^ted on the 
line are detected. 
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A method for determining the presence of molecular 
s'tructures within a sample siibstance coxnprising: 

a) forming an array of test sites having probes 
formed therein for. binding, to ajolBcular 
Structures, each ^ite having probes which bind 
to a unique molecular structure; 

b) ... dispensing a sanq^le 8id)stance into attest 

site; 

c) generating radiation through the test sites; 
and 

> • •> • . • » , " ' ' 

d) ^detecting the dif f erencj^ in the radiation 

which is absorbed by the respective test sites 
4 to determine the presence of ^the molecular 
. structures which, are bound to a probe. 

The method of Claim 52 wherein the difference is 
detected by an arrajf of detectors formed of charge- 
coupled devices. 

. . • •• • • I w. . - • 

The method of Claim 53^.vrtierein the array of 
detectors is formed integral with the array of test 

.sites../ ^1 ... ^ ■: 

The method of Claim 53 wherein the array of 
detectors .is formed separate from the array of test 
sites. , V . 

m 

The method- Of Claim 55 wherein the array of 
detectors, is aligned with the array of test sites 
and . radiation is projected through the test sites 
onto the detector array . . 
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57. The method of Claim 56 wherein the radiation is in 
" the form of photons, of radioactive particles. 



58. The method of Claim 52 %aierein the radiation xs 
generated within the test sites by a radioactive, 
5 chemical, thermal, chemiluminescent, or luminescent 



. » ...... 

59 . The method of Claim 52 wherein the detectors detect 
thermal energy occurring when a bonding reaction 
takes place. 

• " - * 

10 60. The apparatus of Claim 18 wherein the test sites 
include electrodes formed within wells formed in 



61. The apparatus of Claim 60 wherein a surface of the 

well is textured. 

.... • . ' ' f 
- ■ • - • . • - 

15 62. The apparatus of Claim 61 whepein. the texture is xn 
" the form of corrugations. 

63. The apparatus of Claim 60 wherein a surface of an 

• • • . . . . '. 

** electrode is textured* 

64. The apparatus of Claim 63 wherein the textxire 
20 consists of corrugations. 

65. A method for attaching probes to test sites formed 
in a substrate comprising the steps of; 

a) forming test sites in a substrate; 
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b) forming adhesion material in said test sites 
to which said probes adhere; cmd 

c) contacting said probes with said material. 

The method of Claim 65 wherein a passivating layer 
covers the adhesion material and portions of the 
passivating layer are selectively removed to enable 
contact between the probe and the adhesive material 
at. selected sites. . , 



The method of Claim 66 wherein the portions are 
removed, by laser ablation. 

A method for attaching probes to a test site formed 
in a substrate comprising the steps of: 

a) forming test sites in a substrate; 

b) forming an adhesive material in the test site 
which material enables probes to attach to the 
test sites; 

c) forming a protective coating over the adhesive 
material; 

d) contacting the coating with a deprotecting 
material while selectively initiating a 
reaction at a selected site which removes the 
protective coating at the selected site; and 

e) contacting the deprotected site with probes 
which adhere io'th'e adhesive material. 
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69. The method of Claik 68 wherein the probes are 
presynthesissed and the test sites consist: of wells, 
the adhesive material is an epoxide, the protective 
coating is formed by hydrolyzing the epoxide, the 

5 deprotecting material is an acetate alcohol 

solution and the reaction is initiated at a 
selected cite by heating the site. 

70. The method of Claim 68 wherein the reaction is 
initiated by selectively energizing resistors 

10 formed adjacent the test sites to heat the selected 

test sites. 

71. The method of Clkim 70 wherein non-selected test 
sites are maintained at a temperature above the 
desired reaction temperature* 

15 72 • The method of Claim 68 wherein the reaction is 

initiated by irradiating selected sites with light. 

The method of Claim 72 therein the light is in the 
visible or ultraviolet wavelength range and a 
photochemical reaction occurs. 

The method of Claim 72 wherein the light originates 
from a laser which is scanned from site to site to 
initiate the reaction.. 

The method of Claim 72 wherein the light induces 
local heating of the site to initiate a reaction. 

The method of Claim 72 wherein the light is 
generated by a light valve which projects light 
onto selected sites. 



73. 



20 74. 



75. 



25 76. 
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I 



77. The apparatus of Claim 27 wherein the light source 
< • ,■. - ' > ■«....- 

is a light valve for projecting light onto selected 



5) 



4 • «' 

' .1* « 



wo 93/22678 PCr/lIS93/03829 

1/13 




PCrA;S93/b3829 



wo 93/22678 



3/13 



S'3N4 




• ft 





5D 



wo 93/22678 ' PCr/US93/03829 



4/13 

5r(Silicide) 




LOG OF FREQUENCY 



tV093/22i578 



6/13 



PCr/US93/03829 



(f| to f2) 



V: 




Time 



Constant 
Amplitude 



(f| tofg) 




Time 



Writ ^ 



r; (fatof,) 




Time 



DNA 



: 62 ■ zrc 60 '-iSC 



22C 



42C 20C 




34C 



% 14 



wo 93/2267i 



PCT/US93/03829 



8/13 



LOGIC AND 
SWITCHING 



/ 

420 



COMPUTER 



421 



I* 

t 



415 



r \ 



4 




SCANNING 
SYSTEM 

7~ 



418 





%22 



220 



wo 93/22678 



PCr/U$93/03829 



9/13 




wo 9^/22678 ' PCr/US93/03829 

10/13 



I 



.75 



5 

o 






wo 93/22678 



PCr/lJS93/03829 



11/13 



TARGET DNA SEQUENCE 




SYNTHETIC DNA PROBE' 



... ■ i 



wo 93/22678 



PCT/US93/03829 



12/13 



708 




710 






\ 






Meier 










Transducer 
702 



706 




) 

Reflector 
704 




700 



9^ 



A3 " " 



Address 
. Line 



■\ - 

TRXl 



12 



Y2 



X3 



24 



wo 93/22678 



PCrAJS93/03829 



13/13 



O 
0> 

c 0> 

a o 

tn to 

O — 

a. o 



O 
O 




0> 


















< 











^ TO 

o o 



o 
o 

0> 




ao o 
0) 0) cn 





5 ^ cvj o 
o o o 









CVJ 







per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) International Patent Classification ^ : 

COIN 33/543, a2Q 1/68 
COIN 27/07, 21/75. 



A3 



(II) International PnUlcation Nnmber: 



WO 93/22678 



(43) International PttblicatioB Date: 1 1 November 1993 (1 1. 1 1.93) 



(21) lBt«nutional Application Number: 



PCT/US93/03829 



(22) Intenational Hling Date: 23 April 1993 (23.04.93) 

23 April 1992 (23.04.92) US 



(3d) Priority data: 

07/872^82 



(71) Applicants: MASSACHUSETTS INSTITUTE OF TECH- 

NOLOGY lUS/US); 77 Massachusetts Avenue, Cam- 
bridge, MA 02139 (US). BAYLOR COLLEGE OF 
MEDECINE rUS/US]; h Baylor Waza, Housion, TX 
77030 (US). HOUSTON ADVANCED RESEARCH 
CENTER [US/US]; 4800 Research Forest Drive, The 
Woodlands. TX 77381 (US). 

(72) Inventors: HOLLIS, Mark, A. ; 45 Staffordshire' Lane, 

Concord, MA 01742 (US)) EHRLICH, Daniel, J. 11 
Grant Place. Lexington, MA 02173 (US). MURPHY, R., 
Allen - 4U Hill Road, Boxboro. MA 01719 (US). KO- 
SICKI, Bernard, B. ; 39 Fort Pont Road, "Acton, -MA 
01720 (US). RATHM AN/ Dennis; D. ; 42 E^st Bluff 

. Road, Ashland, MA 01721 (US)^rCHEN, Ghang-Lee ; 
. 19 Pratts Mill Road, Sudbury, MA 01776 (US). MA- 

. THEWS. Richard, H; ; 30. wndc» Road,' Chelmsford, 
MA 01824 (US). BURKE, BArry. R ; 17 Sherburne 
Road, Lexington, MA 02173 (US). EGGERS." Mitch, 
D. 10 Plum Cove Couirt, The Woodlands, TX 77381 
(US). HOGAN, Michael, £. ; 103 Golden Shadciw-, Cir- 

r cle. The Woodlands, TX;'7!738l (US)/VARMA, j^jen- 
der, Singh ; 8 Spurw<yx} Court, The Woodlands,* TX 
.77381-2526 (US). ' K . v. ^ • : 



(74) Agents: REYNOLDS. Uo, R. et al.; HamUton, Brook, 
Smith & Reynolds, Two Militia Drive, Lexington, MA 
02173 (US). . • 



(81) Designated States: CA, JP, Eurojjean patent (AT, BE. CH. 
DE, DK. ES. FR, GB, GR, IE, IT, LU, MC. NL, PT, 
SE). 

Publisbed ^' 

With international search report ' 

Before the expiration of the Urt^e limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. r- 

(88) Date of pubficatUm of the iitonational search report: 

3 February 1994 (03.02.94) 



(54)'ntle: OPTICAL AND ELECTRICAL METHODS AND APPARATUS FOR MOLECULE DETECTION. 




(57) Abstract 

. - 

A method and apparatus are .disclosed for identifying molecular structures within a sample substance using a monolithic 
array of test sites formal on a substrate upon which the sample substance is applied. Each test site includes probes formed there- 
in to bond with a predetermined target molecular structure or structures. A signal is applied to the test sites and certain electrical, 
mechanical and/or optical properties of the test sites are detected to determine which probes have bonded to an associated targ^ 
molecular structure. 



J 



i 





4 N > 

I 



FOR THE PUXFOSES OF INFOHHATION ONLY 

Codes used to identic States party to the PCX on the front pages of pamphlets publishing international 
applications under the PCT. 



, AT 


Aiatria 


PR 


' France 




- Mauritania 


: AU 


' Australia 


. CA 


Gabon 


MW 


Malawi 


'SB 


.Bsrtuulos 


CB 


United Qagrtbrn 


NE 


Nijpr' 


BE 


Bttlsfum 


CN 


Guinea 


HL 


Ncttaerlancfa 


BP 


BttrUnaPoft 


CB . 


Graeee 


' ■ ?*• ■ NO • 


•Norwiy 






Bl^ 


Hunpury 


NZ 


New 7^#*ifMl 




Benin 


i£ 


belaad 


i'4 ' - PL 


Poland 


BfasU 




>lialy 
Japan 


' PT ' 


Pondpd 


BV 


Belarus 


JP 


BO 


Roniaiun ' - 


Ck 




BP 


Dewocratic Feopte*! BcpuhKc 


s. ftU 


Riisuan Fudcratiod 


CP 


Cenlral Afrkan Rqpubltc 




or Korea 


8D 




CG 


Ka 


Republk of Korea 


fiE 


• Sweden 
Sloweela 


cat 


Switwrtend 


KZ 


Kmkhutn 


. SI 


a 


C6ied*lvoire 


u 


Liectitcastein 


SIC 


Slovak Republic 


CM 




uc 


SriLnnla 


• ' SN 




CN 


China 


LU 


Luxcmfaourc 


TO 


Chad 




CiixbotlO¥akia 


I.V 


. Latvia 


TC 


Tofo 


cz 


Gnch RopuMk 


MC 


Monaco 


UA 


Ukraine 






MG 




US 


Untied Sutei of Aettvica 




Denmark 


ML 


MaB 


tiz 








IM 




VN. 


Viet Nem . 


n 


Halaad 











INTERNATIONAL SEARCH REPORT 

InaaulMil AfpUcMhM No 



PCT/US 93/03829 



L CLASSmOkTION OF SUBJECT MATTER (tf scvenl dasslficatioD synbois apply, istlicite ill)* 



AooordiBg to ImcraatioBal Fatcat ClasstficatjoD (IPC) or to both NiiioBaJ Classlficstloa and IPC 

Int. CI. 5 

6 01 N 21/75 



G 01 N 33/543 C 12 Q 1/68 G 01 N 27/07 



n. HELDS SEARCHED 



Miaiauim Docs mentation SourdbdP 



ChssHicaiioD System 



Clarification Synbois 



Int. CI. 5 



B 01 L 



G 01 N 



C 12 Q 



DoGOBCDtatioa Scardiod atber tban Miaiainai Docotteautioa 
fo theExtott tkai snch DoooauBBtt araladadcd inthePldds Scarehel* 



m. DOCUMENTS CONSIDERED TO BE RELEVANT* 



Category*' 



CItaiios of Docameat, ^ «itb iadicatioa, where appropiteti^ of tho idevaai passages ^ 



Relevant to Qalm Na'^ 



X 
Y 



WD, A, 9015070 (AFFYNAX TECHNOLOGIES 
NV) 13 December 1990 cited In the application 
see page 20, line 6 - page 22, line 24 see page 
28, line 14 - line 36 see page 39, line 1 - page 
40, line 28; claim 22 

EP, A, 0402917 (BIOCIRCUITS CORP) 19 
December 1990 

see column 3, line 57 - column 4, line 27 see 
column 7, line 7 ' line 57 see column 9, line 58 
- column 11, line 16 see column 16, line 56 - 
column 21, line 25; figures 1,2 



1,10,50 



1,10,22 
2 



V ' 



^ Spedai categories of dted docaoieBts : ^ 

"A' docasieBt dcfiniag the geaoal state of the art iihidt Is not 
coBsMend.to be of particular idewaBoe 

"E* earlier touB«t tel pobUshed 00 or after the iateraatioBal 
fiUagtfate 

nU' doGUMOt which iBiy thnm doahts oo prlorlly ctaiBi(s) or 
which is dted to establish the pabUcatioii date of aoothcr 
cliaiioa ar other speGial.ifason (as specified) 

'O* docomeat Nfcniogto as M disdoiBiar im^ othlhitioa or 
atlier Dtcaas 

T* doconeat published prior fo the imcnatioBal filing date but 
later than the piforiiy date dalMd 



later docuoieat published after the international filing date 
or priority date and not in conflict witb the apalicatioa hot 
dted to ondeniaad the piiadple or theoiy^imdeiiyiag the 
invention 

1^ docmnent of paiticnlar rdevaace; the daliaed ioveatioa 
cannot be considered novd or oaaaoi be orasldeNd'to 
involve an inventive step 

'if docmnent of partiodar relevance; the daiaMd faivcQtion 
cannot be coasidered to involve an inventive step when the 
docnment Is oomblsed with one or more other snch docn* 
■leotSy SBch combination bdag«obvions to n peison skilled 
in the ait. 

'di* docnment aiembcr of the same pmort hmXtf 



IV. CERTmCATION 



JL 



Date of the Actoal CoBplciion Of the lotamational Search 

14-09-1593 



Date of Mailing of this International Search Report 

29.12.93 



latcraationat Searching Authority 

EUROPEAN PATENT OFFICE 



Signature of Anihoriied Officer 



Sm PCT/ISA/210 4MceM« afeMt) Umamy l«5) 



Page ^ 

iDtonattotttl AppHcsilon No PC T /US 93/03829 



nL DOCUMENTS CONS] 



TO B£ RELEVANT 



(CONTINUED FROM THE SECOND SHEET) 



Catffoty 



Chailsa of jDoeommt. ivtth Mciilai, lAtfeapyropriiu^ ef tke titawuit hsUC 



Merlin W'Clain No. 



P.A 



WO, A, 9002327 (AUSTRALIAN MEMBRANE ' 

AND BIOTECHNOLOGY RESEARCH INSTITUTE) 8 March 

1990 

WO,A.9002327 

see page 25, line 13 - page 27, line 35; figures 
8-10 

WO. A. 9005300 (MIDWEST RESEARCH 

TECHNOLOGIES) 17 May 1990 ■ ■ - 

see page 12, line 1 - page 18, Tine 8; figures 

6-8 

EP A 0347579 

(MESSERSCHMin-B\LKOW-BLOHN GMBH) 27 December 
1989 

see column 2, line 41 - column 4, < line 26 see ' 
column 7, line 2 - column 9, line 44 



US,A,4963245 (WEETALL) 16 October • 
1990 " 

see colinn 2, line 12 - column 3, line 13; 

figures .. ... 



US,A,5187096 (GIAEVER ET AL.) 16 
February 1993 

see column 2, line 33 - column 5, line 63; 
figures 1>2 



» 4 I 



3-5 



1,10,22 



1,10,22 



1-3,10, 
22 



1.2 



fMB PCT/ISA/ZIO t«xtt« •hMl» Uawy IW) 



INTERNATIONAL SEARCH REPORT 



Iniu Mional appiicuton Na 

fCT/US:93/ 03829 . 



Box I Obscrrattons where certain dauas were feuiul nsttcarclialile (Cotttimuuion of Hdn 1 of first sheet) 



This inienuiionai sqsrch report has noi been established hi respca of certain claims .under Ariicfe t7(2){a) for the folbwing reasons: 



• TV 



Claims Nosu 

because ihey relate to subjca roauer not required to be searched by this Authority, naipefy: 



Churns Nos;: \ ' 

because Ihcy relate to pans of the international applicattan that do not ceoiply .with the prescribed requirements to such 
an extern that 110 meaamgfiU internatieaal search can be carried oisK, specinGal^ 



L rj Oairns Nos.: • " 

they are d e p en d e nt cbhns and are opt gifted in aoeovdapcn with-the seoonfi and third sentences qf Rule 6d4{a}. 



Box II Ofaservalions wfacreimftyorim«itioaisiaddBg(CoBli^^ 

This Intemaiioaal Scarchfaig Authority found multiple rnvjottions h|th|s mitfraa^aal a^ficatioiu as foUoiwR 

iFor further Information please see fom PCT/ISA/206 mailed 27.09.93. 



1 1 



. I I As all required adtfltkwal search fees were thndy paid by the applicant, this interaational search report covers all 



2. Q As aUscan:habfedabns could be searches without effort justifying an add^ 
of any additional fcej 



3. rj As only some of the required addttionat search fees were thncly paid by the applicant, this iniemational search report 
covers only those daims for which fees were paid, spectfically daims Nos^ 



^- I X I No required additional search fees 
nstrictcd to the inveaiion first — 

I 

1-5.10.22.50 



timdy paid by the appficanL Consequently, thb mienatienal search report is 
in the chums; it is covered by daims Nos^ 



[ I The additional search fees were accompanied by the applicant's protest. 



Form PCT/lSA/210 (cominuaiion of first sheet (1)} (July 1992) 



, 4,1 .•' ' . 



AlWEX TO IHE I^rrERNATIONAL SEARCH REPORT . ' 
ON INTERNATIONAL PATENT APPLICATION NO. US 9303829 

SA 74062 

^ mm^ ^^ ff« ^ fk^ayiiwiw^ frffltiiig to the patCTt aocmngrts dted hi tte abvi^HnntifiNA ittmnteal cewch 
Tlic Empeao Pateat OBtce k n^* way liabk for tbese paroadws trhidi tre nerdy ch«B far the pnrpase 



Patent dacumeiit 
dted m search report 



Pubikaiiao 
4ate 



Patent family 
mcnriwrCs) 



Piibficatioa 
data 



WO-A- 9015070 



13-12-90 



US-A- 

AU-A- 

CA-A- 

EP-A- 

GB-A,B 

JP-T- 

NL-T- 



5143854 
5837190 
2054706 
0476014 
2248840 
4505763 
9022056 



01- 09-92 

07- 01-91- 

08- 12-90 
25-03-92 
22-04-92 
08-10-92 

02- 03-92 



EP-A- 


0402917 


19-12-90 

t 


US-A- 
CA-A- 
JP-A- 


5156810 
2019039 
3128449 


20-10-92 
15-12-90 
31-05-91 


WO-A- 


9002327 


08-03-90 


AU-A- 
EP-A- 
US-A- 


4078789 
0432188 
5234566 


23-03-90 
19-06-91 
10-08-93 


WO-A- 


9005300 


17-05-90 


AU-A- '. 
• ; CA-A- : 


4647589 
2002660 


28-05-90 
16-05-90 


EP-A- 


0347579 

t , 


27-12-89 

< " •«•■>. 
* i 

f * • 

. - • r 


DE-A- 
DE-A- 
US-A- . 
DE-U- 


3818614 
3825907 
5252294 
8817007 


07-12-89 

01- 02-90 
12-10-93 

02- 10-91 


US-A- 


4963245 


16-10-90 


US-A- 

i 


5066372 


19-11-91 


US-A- 


5187096 


16-02-93 


None 







I 

■7. 

O 



o 

M Farnwra details ahoot tfak 



: aee Official Janraal af the 



pMt Office, Na. 12/82 



